Objective: Both obesity and muscle impairment are increasingly prevalent among older persons and negatively affect health and physical functioning. However, the combined effect of coexisting obesity and muscle impairment on physical function decline has been little studied. We examined whether obese persons with low muscle strength experience significantly greater declines in walking speed and mobility than persons with only obesity or low muscle strength. Design: Community-dwelling adults aged X65 years (n ¼ 930) living in the Chianti geographic area (Tuscany, Italy) were followed for 6 years in the population-based InCHIANTI study. Measurements: On the basis of baseline measurements (1998)(1999)(2000), obesity was defined as body mass index (BMI) X30 kg/m 2 and low muscle strength as lowest sex-specific tertile of knee extensor strength. Walking speed and self-reported mobility disability (ability to walk 400 m or climb one flight of stairs) were assessed at baseline and at 3-and 6-year follow-up. Results: At baseline, obese persons with low muscle strength had significantly lower walking speed compared with all other groups (Pp0.05). In longitudinal analyses, obese participants with low muscle strength had steeper decline in walking speed and high risk of developing new mobility disability over the 6-year follow-up compared with those without obesity or low muscle strength. After the age of 80, the differences between groups were substantially attenuated. The differences seen in walking speed across combination of low muscle strength and obesity groups were partly explained by 6-year changes in muscle strength, BMI and waist circumference. Conclusions: Obesity combined with low muscle strength increases the risk of decline in walking speed and developing mobility disability, especially among persons o80 years old.
Introduction
Over the last decades, we have witnessed a marked increase in the prevalence of overweight and obesity among younger and middle-aged persons living in western countries. Given the current demographic trends, it is expected that the number of obese older persons will increase dramatically in the years to come. 1 Obesity is a risk factor for chronic diseases, including type 2 diabetes, hypertension, coronary heart disease and osteoarthritis. 2 Obesity in older persons negatively affects physical functioning, [3] [4] [5] [6] particularly when it is accompanied by low muscle strength. Combination of obesity and muscle impairment has been termed as 'sarcopenic obesity'. Poor muscle strength relative to excessively high body mass impedes the weight-bearing activities that are vital for maintaining independence in daily life. In spite of this, there are only few studies concerning the combined effect of obesity and muscle impairment on older persons' physical functioning, disability or mortality, especially in a longitudinal perspective. [7] [8] [9] [10] On the basis of a 6-year follow-up study of communitydwelling older Italians, we examined the combined effect of low muscle strength and obesity on the rate of decline of walking speed and on the risk of developing new mobility disability. We hypothesized that obese persons with low muscle strength would experience a significantly greater decline in walking speed and would be more likely to develop mobility disability than persons with only obesity or low muscle strength. Finally, we tested the hypothesis that differences in mobility decline would be explained by different rates of change in measures of obesity and muscle strength.
Methods

Study design and participants
InCHIANTI (Invecchiare in Chianti, aging in the Chianti area) is an epidemiological study of factors contributing to loss of mobility in late life carried out in two Italian towns located in the Chianti geographic area. The design of the study and data collection methods have been described earlier in detail. 11 The study population consisted of a random sample of 1260 persons aged X65 years selected from the population registries of two municipalities. 1155 older adults agreed to participate in the study (participation rate 91.7%) and 930 had information regarding muscle strength, anthropometrics and walking speed at baseline. Of these, 204 did not have either 3-or 6-year follow-up data: 110 (of which 63 were X80 years) died, 87 (29 X80) refused or were unable to participate in the study, and seven (2 X80) moved from the area during the 6-year follow-up. The baseline data were collected in 1998-2000, the 3-year follow-up took place in [2001] [2002] [2003] and the 6-year follow-up in [2004] [2005] [2006] . Participants received an extensive description of the study and participated after providing written informed consent. The Italian National Institute of Research and Care on Aging Ethical Committee approved the study protocol, which complied with the principles stated in the Declaration of Helsinki.
Measurements of walking speed and mobility disability Mobility was assessed using identical methods at baseline and at the 3-and 6-year follow-ups using performance-based tests and self-reported information. 11 To measure walking speed, participants were asked to walk 4 m at their usual pace, as if they were walking down the street, starting from a standing position. Use of a cane or walker was permitted.
Walking speed is a valid and generally used measure of mobility limitation for both healthy and impaired older persons 12 with high predictive validity for subsequent disability, hospitalization and mortality. 13, 14 As a part of the interview, participants were asked whether they had any difficulties in walking 400 m or climbing a flight of stairs, and the responses were coded as (i) no difficulty, (ii) with difficulty, but without help, (iii) with some help from another person and (iv) unable to carry out the activity. Mobility-related disability was defined as need for help or inability to walk 400 m or to climb a flight of stairs. 12 Self-reported mobility disability predicts future disability, nursing home admission and mortality. 15, 16 Participants with mobility disability at baseline were excluded from prospective analyses.
Measurement of obesity
Body Mass Index (BMI, kg/m 2 ) was calculated using objectively measured height and weight. Weight was measured to the nearest 0.1 kg using a high-precision mechanical scale and standing height to the nearest 0.1 cm with a wall measure with participants wearing light indoor clothes and no shoes. Obesity was defined as BMI X30 kg/m 2 . 2 Underweight (BMI o18.5 kg/m 2 ) participants were excluded from the analyses (n ¼ 4). Waist circumference was measured to the nearest 0.5 cm by using a non-elastic plastic tape, with the participant standing upright, at the midpoint between the lower rib margin and the iliac crest. The BMI and waist circumference were measured using similar procedures at baseline and at the 3-and 6-year follow-ups.
Measurement of muscle strength
Maximal voluntary isometric strength of knee extensors was measured using a hand-held dynamometer (Nicholas Muscle Tester; Sammon Preston Inc., Chicago, IL, USA) according to a standard assessment protocol that has been proven to be highly reliable (test-retest reliability 0.85, inter-rater reliability 0.74). 17 The test was repeated thrice and the best result of either side was used in the analyses. Strength was measured in kilograms (kg) and the lowest sex-specific tertile was used as a marker of low muscle strength. The cutoff points for sex-specific strength tertiles were 17.1 and 21.5 kg (range 3.9-41.7 kg) in men, and 11.3 and 14.3 kg (range 3.5-31.2 kg) in women. We used baseline BMI and knee extensor strength measurements to categorize persons into four groups, namely (i) neither low muscle strength nor obesity, (ii) low muscle strength, but no obesity, (iii) obesity, but no low muscle strength, (iv) low muscle strength and obesity.
Covariates Sociodemographic information obtained during the structured interview included age, sex and education (years).
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Smoking was assessed by self-report, and on the basis of the answers, participants were categorized into never smokers, former smokers and current smokers (smoking within 3 years of interview). The level of physical activity in the 12 months before the interview was assessed through an modified standard interview-administered questionnaire 18 and was coded as sedentary (inactivity or light-intensity activity o1 h per week), light physical activity (light-intensity activity 2-4 h per week) and moderate-high physical activity (lightintensity activity at least 5 h per week or moderate activity at least 1-2 h per week). Diseases were ascertained by a trained geriatrician according to standard, pre-established criteria and algorithms that combine information from self-reported physician diagnoses, current pharmacological treatment, medical records, clinical examinations and blood tests. 19 The following five chronic conditions were used in the analyses: hypertension, angina pectoris, chronic heart failure, diabetes, lung disease (including asthma, chronic bronchitis/ emphysema) and hip osteoarthritis. Pro-inflammatory state is associated with both low muscle strength and obesity, and was therefore controlled in this study as confounding factor. 20, 21 Blood samples were collected in the morning after 12 h fast. Serum and plasma were stored in a deep freezer at À80 1C. Serum interleukin (IL)-6 was determined by high-sensitivity enzyme-linked immunosorbent assay (Human Ultrasensitive, Biosource International Inc., Camarillo, CA, USA) and high-sensitivity C-reactive protein by using an enzyme-linked immunosorbent assay and a colorimetric competitive immunoassay (Roche Diagnostics, GmbH, Mannheim, Germany). The lowest detectable concentration was 0.10 pg ml À1 for IL-6 and 0.3 mg ml À1 for C-reactive protein.
Inter-assay coefficients of variations were o9% for all tests.
Statistical analysis
Baseline characteristics according to different combination of low muscle strength and obesity are reported as mean values (standard deviation), medians (inter-quartile range, Q1-Q3) and proportions. Generalized linear models were used to calculate age and sex-adjusted differences across these four categories in baseline characteristics, as well as in change in BMI, waist circumference and muscle strength. Age-associated longitudinal trajectories of walking speed were examined across combination of low muscle strength and obesity groups using linear mixed-effect regression models. 22 Our models decomposed the longitudinal information into between-participant effects (comparing walking speeds between persons who are at different ages) and within-participant effects (comparing walking speeds within the same person as they get older). This method allowed us to examine important differences in the effect of obesity combined with low muscle strength on walking speed decline among young-old person versus oldest-old person. Logistic regression analysis was used to calculate the incident risk of developing mobility disability. To examine the longitudinal prevalence of mobility disability across the combination of low strength and obesity groups, we used logistic generalized linear mixed models. 23 As in the models for walking speed, we decomposed the age effects into between-and within-participant contributions. A short statistical appendix is included detailing our models for interested readers. All variables in Table 1 that were consistently associated with combination of low muscle strength and obesity groups were included in the multivariate models. As IL-6 and C-reactive protein distributions were highly skewed, logtransformed values and ranked scores were used in the analyses. The SAS 9.1 Statistical Package was used for all analyses (SAS Institute Inc., Cary, NC, USA).
Results
The mean age of the InCHIANTI participants considered in this study was 74.1 years (standard deviation 6.8 years) at baseline, and 55.2% were women. The characteristics of the study population according to low muscle strength and obesity groups are shown in Table 1 . Figure 1 shows the age-related trajectories of walking speed over 6-year follow-up in different low strength and obesity combinations. At baseline, obese persons with low muscle strength had significantly and consistently lower walking speed compared with all other groups (Pp0.05), except among the persons aged X85 years, in whom the difference against low strength group was not statistically significant. Walking speed declined during the 6-year follow-up in all low strength and obesity combinations and in each 5-year age group. Among participants aged 65-80 years, the walking speed decline was most prominent in obese persons with low muscle strength. For example, an average 65-year-old participant with obesity and low muscle strength experienced 0.03 m s À1 decline in walking speed per year, from 1.03 m s À1 at baseline to 0.85 m s À1 at the 6-year follow-up, representing 17% decline compared with 2% decline in the 'neither low strength nor obesity' group, 4% decline in the 'low strength' group and with 8% decline in the 'obesity' group. After the age of 85 years, walking speed decline was no longer different among obese persons with low muscle strength compared with other groups. The walking speed of an average 85-year-old participant with obesity and low muscle strength declined 0.05 m s À1 each year over 6-year follow-up from 0.96 to 0.64 m s
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À1
, representing 33% decline compared with 33% decline in the 'neither low strength nor obesity' group, 42% decline in the 'low strength' group and with 23% decline in the 'obesity' group.
The existence of different patterns in walking speed decline in different age groups is supported by the significant Obesity combined with low strength S Stenholm et al interaction term, age Â time Â 'neither low strength nor obesity' (P ¼ 0.03), and borderline significant interaction term, age Â time Â 'low strength' (P ¼ 0.07), compared with obese persons with low strength (Model 1, Table 2 ). After adjustment for lifestyle factors, diseases and inflammatory markers (Model 2), the 'neither low strength nor obesity' group remained significantly different from the 'low strength and obesity' group, and the difference between the 'low strength' and 'low strength and obesity' groups was moderately significant.
To examine the effect of changes in BMI, waist circumference as well as in muscle strength over follow-up time on studied associations, we carried out additional analyses using linear mixed-effect regression models. After adjusting either for BMI change or waist circumference change, the difference in walking speed decline between 'low strength and obesity' and 'neither low strength nor obesity' groups disappeared. Neither the BMI change nor the waist circumference change had an independent effect on walking speed decline. Furthermore, after adjusting for muscle strength change, the difference in walking speed decline attenuated between 'low strength and obesity' and 'neither low strength nor obesity' groups, and change in muscle strength had borderline significance (P ¼ 0.07) independently associated with walking speed decline. Of all the tested variables, change in muscle strength produced best values for model fit, indicating that muscle strength change explains a large portion of the differences in walking speed decline seen between low muscle strength/obesity groups. Age and sex-adjusted differences in means, proportions and medians across low muscle strength and obesity categories were calculated using generalized linear models. Non-normally distributed continuous variables were ranked before significance examination. Obesity combined with low strength S Stenholm et al
More detailed description of the changes in BMI, waist circumference and muscle strength is provided in Table 3 . Compared with the other groups, muscle strength decline was greatest in the 'low strength and obesity' group. In addition, muscle strength decline was accelerated among oldest-old in the 'neither low strength nor obesity' and 'low strength' groups. Correspondingly, these are the same groups, in which we saw an accelerated decline of walking speed after age of 80 years ( Figure 1 ).
Risk of mobility disability
The overall incidence of new mobility disability was 6.9% (n ¼ 52) and 13.0% (n ¼ 91), respectively, at 3-and 6-year follow-up. Age-and sex-adjusted probability rates of developing new mobility disability at 3-and 6-year follow-up are shown in Figure 2 for different combinations of low muscle strength and obesity. After 3 years of follow-up, 'low strength and obesity' group was no significantly different from the other groups, but after 6-year follow-up, obese persons with low strength had significantly higher rates of new mobility disability compared with persons in the 'neither low strength nor obesity' group (P ¼ 0.0004) and with the 'obese' group (P ¼ 0.06). In further analysis, we found no significant interaction between low muscle strength and obesity, suggesting that their effect on the risk of developing mobility disability is additive rather than multiplicative.
To study more in detail the effects of age, strength and obesity on the risk of developing mobility disability, mixedeffects logistic regression models were constructed (Table 4) . Overall, obese persons with low strength were more likely Obesity combined with low strength S Stenholm et al to develop mobility disability compared with 'neither low strength nor obesity' (P ¼ 0.04) and 'low strength' (P ¼ 0.06) groups. The statistics for the interaction terms, 'age Â neither low strength nor obesity' (P ¼ 0.05) and 'age Â low strength' (P ¼ 0.07), indicate that obese persons with low muscle strength are more likely to develop mobility disability compared with the other groups, but this effect tends to be less important at older ages.
To examine the effect of abdominal obesity combined with low muscle strength on walking speed decline and risk of developing mobility disability, we carried out parallel analysis that used waist circumference instead of using BMI. Obesity was defined as the highest sex-specific tertile of waist circumference. The results were almost identical compared with using BMI as an indicator of obesity showing that obese persons with low muscle strength had steeped decline in walking speed and high risk of developing mobility disability over the follow-up period compared with those without obesity or low muscle strength. After the age of 80 years, the differences between groups were substantially attenuated.
Discussion
The results of this study provide evidence that older obese persons with low muscle strength have particularly high risk for accelerated decline of walking speed and for the development of new mobility disability. Our data also suggest that this effect is less important in the oldest old. This study also shows that 6-year change in muscle strength, as well as in BMI and waist circumference partly explain the differences seen in walking speed decline across different combinations of low muscle strength and obesity groups. Our results support the notion that muscle strength should be evaluated in obese older patients to recognize persons at the risk of functional decline.
There is only one earlier study regarding the combined effect of obesity and muscle impairment on physical functioning, in which muscle impairment was defined by poor muscle strength. In the cross-sectional Finnish Health 2000 Survey, persons who had high percentage of fat mass and poor muscle strength had higher prevalence of walking limitation compared with those with only high fat or low strength. 8 Few other studies have examined the effect of so-called 'sarcopenic obesity', defined according to muscle and fat mass on the basis of body composition measurements, on physical functioning. The results, however, were inconsistent. In the New Mexico Elder Health Survey, Baumgartner et al. 9 showed that older participants with sarcopenic obesity Obesity combined with low strength S Stenholm et al were more likely to be disabled than participants who were just obese or sarcopenic. In the 8-year follow-up of the same study, sarcopenic obesity at baseline was associated with over twofold higher risk of developing IADL (instrumental activity of daily living) disability compared with nonsarcopenic or non-obese at baseline. However, two crosssectional studies carried out on the NHANES (National Health and Nutrition Survey) III population 24 and on a sample of older women in Verona 25 failed to identify a significant association between sarcopenic obesity and poor physical functioning. In fact, they only observed an association between obesity and functional decline, not with low muscle mass. In their studies, Davison et al. 24 and Zoico et al. 25 both used same categorization to define sarcopenic obesity on the basis of the estimated fat and muscle mass quintiles. Inconsistencies in findings of studies concerning the prognostic implications of sarcopenic obesity are probably attributable to the choice of using muscle mass as a measure of muscle impairment. In this study, muscle impairment was operationalized as poor muscle strength instead of reduced muscle mass to better capture the effect of muscle impairment on functional limitation and disability. [26] [27] [28] It has been
shown that there is a discrepancy of the age-related loss of muscle mass and strength (greater loss in strength), 28, 29 and it is partly because of decreased fiber number and size, fat infiltration and modification of the motor units. Muscle quality (strength per unit of cross-sectional area on muscle mass) takes into account changes in both components of the muscle, thus it may be have even better indicator for muscle impairment. 29 Unfortunately, we did not have information regarding the total body lean mass.
Owing to the lack of total body composition measures, we used, in this study, BMI and waist circumference as a measure of obesity instead of using information regarding body fatness, which has been used in other studies. 9, 24, 25 However, it must be stated that, although widely used, the validity of BMI and waist circumference as a measure of body fatness may be reduced because of age-related changes in body composition. On the other hand, our goal was to use a combination of measures that are easily available and enable screening of weak obese persons in the clinical setting. BMI, waist circumference and hand-held dynamometer are very cost-effective and easy to use with older persons. Future studies are needed to examine the effect of low muscle strength and high body fatness on functional decline, measured with more sophisticated methods, such as isokinetic dynamometer or leg press, and DXA (dualenergy X-ray absorptiometry) or computed tomography, respectively. Combination of low muscle strength and obesity lays at the cross-road between two major trends affecting to public health: the increasing number of older persons and increase in prevalence of obesity. The progressive decline of muscle mass and strength is perhaps the most ineluctable anatomical change occurring with aging. Factors that contribute to age-related muscle mass/strength decline include progressive reduction of physical activity, hormonal changes and a chronic pro-inflammatory state, malnutrition, loss of neuromuscular function and chronic diseases. [30] [31] [32] The high rate of obesity in the older population is a relatively recent trend. Fat accumulation and redistribution among older persons are because of progressive decline in total energy expenditure stemming from hormonal changes, decreased physical activity and basal metabolic rate. 33 Given the age-related changes in body composition, obesity and low muscle mass/strength may coexist in same person simply by chance. However, there are several factors that speak for the common etiology or at least for the causal connection between obesity and muscle impairment, such as physical activity, low-grade inflammation, insulin resistance and malnutrition. 20, 21, 34 The factors that can lead to Obesity combined with low strength S Stenholm et al development of the condition of low muscle strength and obesity are discussed in more detailed in the recent review. 35 There is a paucity of studies in which obesity, potential mediating factors and low muscle strength have been measured repeatedly in the same individuals. Comprehensive longitudinal studies are needed to shed light on the critical factors that lead to development of this important geriatric syndrome.
As older obese persons with low muscle strength have increased risk of losing their walking ability and to experience accelerated decline of lower extremity performance, individuals with excess body weight should be carefully screened for low muscle strength. On the basis of our findings, we suggest that interventions aimed at reducing excess body weight and/or improving physical performance may reduce the risk of mobility disability. However, the type of intervention most adequate for these individuals should be selected with caution and on the basis of future studies conducted in obese individuals. Evidence from observational cohort studies suggests that weight loss in old age may adversely affect health and functional status. 36, 37 However, in a few studies, weight loss through a combination of diet and exercise led to improved physical functioning among obese older people. [38] [39] [40] Some limitations of this study need to be discussed. First, this study is based on a sample of older Italians living in two cities in the Tuscany area. It is likely that InCHIANTI participants differ from other population-based samples and this may affect the generalizability of our results. An additional problem, typical of longitudinal studies, is that some participants were lost to follow-up because of selective mortality or other reasons. Participants who did not participate in the 3-or 6-year follow-up were more likely to have mobility disability at baseline (Po0.0001). In addition, they had lower walking speed, knee extensor strength and they were older than those who participated in the 6-year followup (Po0.0001). Furthermore, the majority of those who did not participate in the 3-or 6-year follow-up were in the lowest tertile of muscle strength, with many affected by obesity and low muscle strength. The selective exclusion of those participants from the study population may have caused an underestimation of the effect of the combination of low muscle strength and obesity on walking speed decline or mobility disability.
Finally, our finding, suggesting an attenuation of mobility disability risk among obese persons with low muscle strength aged X85 years old, is based on a small number of participants aged X85 years in the InCHIANTI study population. Thus, this finding, although interesting and challenging, should be interpreted with caution. One explanation for this finding can relate to the so-called 'obesity-paradox'Fobesity may not be as harmful among the oldest-old as in younger persons, and may even provide some protection against disability and mortality. 41, 42 Correspondingly, as the results of this study indicate, the decline in strength is smallest among obese oldest-old persons. Further cross-sectional and longitudinal studies that specifically focus on the oldest-old are needed to clarify how body composition affects functional status in extremely long-lived individuals.
In conclusion, older community-dwelling obese persons with decreased lower extremity muscle strength experience a steeper decline in walking speed and have significantly higher risk of developing mobility disability compared with those without obesity and low muscle strength, especially among persons aged o80 years old. Further prospective studies are needed to examine the biological mechanism leading to accelerated functional decline among obese persons with low muscle strength, and to test the effect of interventions designed to reduce fat and increase muscle mass in older persons.
